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(54) IMAGING APPARATUS 

(57)Abslract: 

PROBLEM TO BE SOLVED: To provide an imaging 
apparatus capable of obtaining an excellent image. 
SOLUTION: This imaging apparatus includes: an imaging 
area wherein a plurality of pixels having at least first and 
second photoelectric conversion sections in a depth direction 
of a semiconductor are arranged; and a first correction means 
for applying difference processing between a signal obtained 
by the first photoelectric conversion section in a shade state of 
the imaging area and a signal obtained by the first 
photoelectric conversion section for imaging an object image 
in the imaging area and for applying difference processing 
between a signal obtained by the second photoelectric 
conversion section in the shade state of the imaging area and a 
signal obtained by the second photoelectric conversion section 
for imaging the object image in the imaging area. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l]An imaging device comprising: 

An imaging region which carried out the multiple arrays of the pixel which has the 1st and 2nd 
photoelectric conversion part at least in a depth direction of a semiconductor. 
A signal acquired by said 1st photoelectric conversion part where said imaging region is shaded. 
Difference processing with a signal acquired by said 1st photoelectric conversion part by picturizing an 
object image in said imaging region. 

The 1st compensation means that performs difference processing v^th a signal acquired by said 2nd 
photoelectric conversion part where said imaging region is shaded, and a signal which picturizes an 
object image in said imaging region, and is acquired by said 2nd photoelectric conversion part. 

[Claim 2]An imaging device comprising: 

An imaging region which carried out the multiple arrays of the pixel which has two or more 
photoelectric conversion parts in a depth direction of a semiconductor. 
The 2nd compensation means that performs each amendment of a signal from said two or more 
photoelectric conversion parts of a depth direction in the same pixel when amending a defect pixel. 

[Claim 3]An imaging device, wherein it has the memory measure which memorized a position of a 
defect pixel in said imaging region in claim 2 and said 2nd compensation means amends based on data 
memorized by said memory measure. 

[Claim 4]In claim 2, have a detection means to detect a defect pixel in said imaging region, and said 
detection means. An imaging device characterized by controlling the 2nd compensation means of the 
first half so that a signal from other photoelectric conversion parts in said same pixel may also amend 
when a signal from one photoelectric conversion part in the same pixel is detected as amendment is 
required. 

[Claim 5]While controlling said 2nd compensation means so that a signal from other photoelectric 
conversion parts in said same pixel also amends when it has the following and as for said detection 
means a signal from one photoelectric conversion part in the same pixel is detected as amendment is 
required, An imaging device detecting a defect pixel based on a signal before being inputted into said 1st 
compensation means. 

An imaging region which carried out the multiple arrays of the pixel which has the 1st and 2nd 
photoelectric conversion part at least in a depth direction of a semiconductor. 
A signal acquired by said 1st photoelectric conversion part where said imaging region is shaded. 
Difference processing with a signal acquired by said 1st photoelectric conversion part by picturizing an 
object image in said imaging region. 

A signal acquired by said 2nd photoelectric conversion part where said imaging region is shaded, The 
1st compensation means that performs difference processing with a signal which picturizes an object 
image in said imaging region, and is acquired by said 2nd photoelectric conversion part. The 2nd 
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compensation means that performs each amendment of a signal from said 1st and 2nd photoelectric 
conversion parts of a depth direction in the same pixel when amending a defect pixel provided in the 
latter part of said 1st compensation means, and a detection means to detect a defect pixel in said imaging 
region. 



[Translation done.] 
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♦ NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the imaging device which pictuiizes an object image. 
[0002] 

[Description of the Prior Art]There are imaging devices, such as a digital camera which records and 
reproduces electronically and magnetically the still picture picturized with solid state image pickup 
devices, such as CCD and a CMOS sensor, and video to various media. 

[0003]There is a **** image sensor (refer to drawing 6 ) indicated to USP5965875 which noted that the 
optical absorption coefficient of the semiconductor substrate used for an image sensor changed with 
wavelength of light for low-pricing of these imaging devices, or a performance improvement. 
[0004]The principle and pixel circuit of the image sensor of three-layer photodiode structure which 
formed the photo-diode by triple well structure are explained to the patent According to the patent, a 
photo-diode is diffused one by one from the p type silicon substrate surface, it is forming deeply a n type 
layer, a p type layer, and a n type layer in this order, and 3 stratification of the pn junction diode is 
carried out to the same pixel in the depth direction of silicon. As for the light which entered into the 
diode from the surface side, the thing which has long wavelength invades more deeply. Since incident 
wave length and an absorption index show a value peculiar to silicon, it is detecting current from the 
diode of the three above-mentioned layers independently, and the lightwave signal of a different 
wavelength range can be detected. 

[0005]The depth of pn junction is designed so that the photo-diode of three layers may cover the 
wavelength range of visible light. By carrying out data processing of the three signals, the signal which 
separated the color of an object image into 3 of R color, G color, and B color colors can be acquired. 
[0006]By using such an image sensor, the optical low pass filters etc. which prevent the moire by the 
light filter for separating the color of an object image or spatial sampling are reducible. In each color 
which separated the color of an object image, there is an advantage out of which the sensitivity center of 
gravity is in agreement, and color moire cannot come easily. 
[0007] 

[Problem(s) to be Solved by the Invention]However, in the image sensor which separates the color in the 
depth direction of a semiconductor, like dark current, if there is a noise the generation place is not 
constant in the depth direction of a semiconductor, even if it is the same pixel, it will become a different 
noise for every color, and a picture will be degraded. 

[0008]Two photo-diodes which adjoin the sliding direction among three photo-diodes corresponding to 
each color of the same pixel in the above image sensors are carrying out capacitive coupling mutually 
through pn jimction. The capacity of a photo-diode changes as it is accumulated in the electric charge 
photo-diode by which it was generated by photoelectric conversion. Therefore, the potential of a certain 
layer photo-diode will receive influence also in the charge quantity accumulated in the photo-diode of 
other layers. If the photo-diode of the top layer is saturated, the electron which became superfluous for 
this diode will overcome the potential barrier made in the p type layer of the two-layer eye from the top. 
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and will flow into the n type region of the photo-diode of the bottom of the he^. Therefore, when there 
are white flaws resulting from the local crystal defect of a semiconductor, etc., the signal of the color of 
the depth without a defect is also affected and a picture is degraded. 

[0009]The purpose of this invention is to provide the solid state camera which can reduce the image 
quality deterioration by a dark current noise, white flaws, etc. of a color separation ***♦ solid state 
image pickup device in the depth direction of a semiconductor. 
[0010] 

[Means for Solving the Problem]An imaging region which carried out the multiple arrays of the pixel 
which has the 1st and 2nd photoelectric conversion part at least in a depth direction of a semiconductor 
in order to attain an aforementioned problem, A signal acquired by said 1st photoelectric conversion part 
where said imaging region is shaded, Difference processing with a signal acquired by said 1st 
photoelectric conversion part by picturizing an object image in said imaging region, An imaging device 
having the 1st compensation means that performs difference processing with a signal acquired by said 
2nd photoelectric conversion part where said imaging region is shaded, and a signal which picturizes an 
object image in said imaging region, and is acquired by said 2nd photoelectric conversion part is 
provided. 

[001 1] An imaging device which has an imaging region which carried out the multiple arrays of the pixel 
which has two or more photoelectric conversion parts in a depth direction of a semiconductor, and the 
2nd compensation means that performs each amendment of a signal from said two or more photoelectric 
conversion parts of a depth direction in the same pixel when carrying out amendment of a defect pixel is 
provided. 

[00 12] An imaging region which carried out the multiple arrays of the pixel which has the 1st and 2nd 
photoelectric conversion part at least in a depth direction of a semiconductor, A signal acquired by said 
1st photoelectric conversion part where said imaging region is shaded, Difiference processing with a 
signal acquired by said 1st photoelectric conversion part by picturizing an object image in said imaging 
region, A signal acquired by said 2nd photoelectric conversion part where said imaging region is shaded, 
The 1st compensation means that performs difTerence processing with a signal which picturizes an 
object image in said imaging region, and is acquired by said 2nd photoelectric conversion part, The 2nd 
compensation means that performs each amendment of a signal from said 1st and 2nd photoelectric 
conversion parts of a depth direction in the same pixel when amending a defect pixel provided in the 
latter part of said 1st compensation means. Have a detection means to detect a defect pixel in said 
imaging region, and said detection means, While controUing said 2nd compensation means so that a 
signal from other photoelectric conversion parts in said same pixel also amends when a signal from one 
photoelectric conversion part in the same pixel is detected as amendment is required. An imaging device 
detecting a defect pixel based on a signal before being inputted into said 1st compensation means is 
provided. 
[0013] 

[Embodiment of the Invention](A 1st embodiment) The composition of the imaging device of a 1st 
embodiment of this invention is shown in drawing 1 . 

[0014]In drawin g 1, a photographing optical system and 2 for 1 a shutter and 3 an image sensor and 4 
An amplifying circuit, 5 - an A/D converter and 6 - a former signal processing part and 7 - a color 
separation switch and 8 — a changeover switch and 9 — as for a crack correction processing section and 
13, a subtractor and 1 1 are [ the Records Department and 15 ] indicators a back signal processing part 
and 14 crack data memory and 12 an image memory and 10. 
[00 15] A 1st embodiment of this invention is described using drawing 1 . 

[0016]The image sensor 3 is an image sensor which has the imaging region which carried out the 
multiple arrays of the pixel which has a photo-diode which are two or more photoelectric conversion 
parts in the depth direction of a semiconductor like drawing 6 . The crack data (position of a defect pixel) 
of the image sensor 3 detected beforehand is memorized by the crack data memory 1 1. It asks for this 
crack data by detecting the position of the pixel beyond a certain threshold from the picture photoed by 
the shaded state. 
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[001 7]The object image by which image fomiation was carried out by the photographing optical system 
1 is changed into an electrical signal with the image sensor 3 via the shutter 2 by which a control drive is 
carried out so that it may become a suitable light exposure, in the amplifying circuit 4, it becomes the 
best for the channel range of A/D converter 5 - as - amplification - or a level shift is carried out. An 
analog signal is digitized with A/D converter 5. In the former signal processing part 5, black level 
adjustment of a clamp etc. is performed to the digitized image data. At this time, the three changeover 
switches 8 are connected to the image memory side, respectively. The color separation switch 7 is driven 
so that the picture signal outputted from the image sensor 3 may be memorized to the image memory 
corresponding to each color. That is, the signal from the photo-diode of the position [ with the deepest 
signal from the photo-diode of the position in which the signal from the photo-diode of a position 
shallow No. 1 in a depth direction is shallow No. 2 to image memory R in a depth direction ] in a depth 
direction to image memory G is memorized by image memory B. Now, the image data of the object 
image whose color was separated is memorized by the image memory 9. 

[0018]Then, the same storage time as photography of a photogr25>hic subject is photoed in the state 
which the shutter 2 closed, i.e., the state where the image sensor 3 was shaded. The three changeover 
switches 8 are connected to the image memory 9 and counter direction 10, i.e., subtractor, side at this 
time. The image memory 9 outputs the image data of the object image of the same position as the shaded 
image data to the subtractor 10. From the subtractor 10, the image data of the object image by which the 
nonuniformity resulting from the dark current of an image sensor and a minute crack were amended is 
outputted by this. These amendments are independently performed for every color decomposed with the 
image sensor 3. That is, difference processing with the signal with which the dark current signal from 
the photo-diode of a position shallow No. 1 in a depth direction was memorized by image memory R, 
Difference processing with the signal with which the dark current signal from difference processing with 
the signal with which the dark cxirrent signal from the photo-diode of a position shallow No. 2 in a depth 
direction was memorized by image memory G, and the photo-diode of flie deepest position in a depth 
direction was memorized by image memory B is performed. 

[00 19] As mentioned above, the imaging region where the imaging device of fliis embodiment carried 
out the multiple airays of the pixel which has the 1st, 2nd, and 3rd photoelectric conversion part at least 
in the depth direction of a semiconductor, The signal acquired by said 1st photoelectric conversion part 
where an imaging region is shaded, Difference processing with the signal acquired by said 1st 
photoelectric conversion part by picturizing an object image in an imaging region, The signal acquired 
by said 2nd photoelectric conversion part where an imaging region is shaded, Difference processing 
with the signal acquired by said 2nd photoelectric conversion part by picturizing an object image in an 
imaging region, The signal acquired by said 3rd photoelectric conversion part where an imaging region 
is shaded, Since an image memory and 10 have the 1st compensation means that consists of subtractors, 
9 which performs difference processing with the signal acquired by said 3rd photoelectric conversion 
part by picturizing an object image in an imaging region can amend them, even when there is a noise 
which is different in each color. 

[0020]In the crack correction processing section 12, a crack compensation process is performed based 
on the crack data beforehand memorized by the crack data memory 1 1 . After the image data by which 
crack amendment was carried out performs color processing etc. in the back signal processing part 1 1, il 
is sent to the Records Department 12 and the indicator 13, and record or a display is performed. 
[002 1]A crack compensation process is explained using drawing 2, drawing 3, and drawing 4 . Drawing 
2_is near [ of R color of the picture signal of the object image which the color of is separated and is 
memorized by the image memory 9 / m sequence n Ime ]. In this example, R color of the pixel of eye an 
m sequence n line is beforehand detected as a crack, and is memorized by the crack data memory 1 1 . In 
the crack correction processing section 12, the crack data memory 1 1 reads the position information on a 
crack, and replaces and interpolates the image data of a crack position by the unage data of the same 
color of a peripheral pixel. Since R color of the pixel of eye an m sequence n line is a crack in the case 
of drawing 2, let the average value be the image data of R color of the pixel of eye an m sequence n line, 
for example using the image data Rc of R color of image data Ra of R color of the pixel of eye an m-1 
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row n line, and the pixel of eye an m+1 row n line. 

[0022] Drawing 3 is near [ of the picture signal of the object image of the drawing 4 B color of G color / 
m sequence n line ]. Drawing 3 , tiie pixel Gb of eye an m sequence n line of drawing 4 , and Bb are not 
beforehand detected as a crack. However, in this invention, when other colors of the same pixel are 
cracks like drawing 2 . crack amendment is similarly performed to the image data of all the colors. 
Therefore, the image data Gb of G color is transposed to the average value of Ga and Gc. The image 
data Bb of B color is similarly transposed to the average value of Ba and Be. Thus, when the picture 
signal of any one color of the same pixel is beforehand detected as a crack, the image deterioration by 
also affecting the signal of the color of the depth without a defect can be prevented on the structure by 
performing the same crack compensation process to the picture signal of a color altogether. 
[0023] As mentioned above, in the imaging device of this embodiment. The imaging region which 
carried out the multiple arrays of the pixel which has two or more photoelectric conversion parts in the 
depth direction of a semiconductor, Since it has the 2nd compensation means that consists of the crack 
data memory 1 1 which perfonns each amendment of the signal from said two or more photoelectric 
conversion parts of the depth direction in the same pixel, and a crack correction processing section when 
amending a defect pixel, crack amendment is certainly attained. 

[0024]Although the preceding paragraph of the unage memory 9 has the composition that a signal is 
sent serially, in the embodiment described above, As outputted from an image sensor m parallel with 
image memory R, image memory G, and image memory B, it may be the composition that 5 provides 4 
in an amplifying circuit, provide it in an A/D converter, and 6 establishes a former signal processing part 
in parallel, respectively. In this case, it becomes the composition that the signal from three photoelectric 
conversion parts of the depth direction of the semiconductor of the same pbcel is read in parallel from an 
image sensor. 

[0025](A 2nd embodiment) The composition of the imaging device of a 2nd embodiment of this 
invention is shown in drawing 5 . In drwmng 5 , the same number is given to the same component as 
drawing 1, and explanation is omitted to it. 16 is a crack detector circuit and 17 is a crack data mixing 
circuit. 

[0026]The 2nd example of this invention is described using drawing 5 . The image sensor 3 is an image 
sensor of the three-layer photodiode structure shown by the conventional example. The crack detector 
circuit 16 detects the crack resulting from dark current from the image data at the time of the protection 
from light photoed in the state which the shutter 2 closed, i.e., the state where the image sensor 3 was 
shaded. The ratio or difference of the image data value of a detection object picture element and the 
average value of the image data of a surrounding pixel judges the thing beyond default value to be a 
crack, and outputs the method as crack data, for example. 

[0027]Even if the crack data detected for every color is a case where any one color of the same pixel is a 
crack, it is compounded by the crack data mixing circuit at the data in which the picture element position 
is a crack. 

[0028]The object image by which image formation was carried out by the photographing optical system 
1 passes the shutter 2 by which a control drive is carried out so that it may become a suitable light 
exposure, and it is conversion *•*• to an electrical signal with the image sensor 3. in the amphfying 
circuit 4, it becomes the best for the channel range of A/D converter 5 - as - amplification ~ or a level 
shift is carried out. An analog signal is digitized with A/D converter 5. In the former signal processing 
part 5, black level adjustment of a clamp etc. is performed to the digitized image data. At this time, the 
three changeover switches 8 are cormected to the image memory 9 side, respectively. The color 
separation switch 7 is driven so that the picture signal outputted from the image sensor 3 may be 
memorized to the image memory 9 corresponding to each color. Now, the image data of the object 
image whose color was separated is memorized by the image memory 9. Then, the same storage time as 
photography of a photographic subject is photoed in the state which the shutter 2 closed, i.e., the state 
where the image sensor 3 was shaded. The three changeover switches 8 are connected to tiie image 
memory 9 and counter direction 10, i.e., subtractor, side at this time. Simultaneously, the shaded image 
data is inputted into the crack detector circuit 16 for every color. The crack detector circuit 16 performs 
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crack detection mentioned above, and outputs the crack data for every color. The image memory 9 
outputs the image data of the object image of the same position as the shaded image data to the 
subtractor 10. From the subtractor 10, the image data of the object image by which the nonuniformity 
resulting from the dark current of an image sensor and a minute crack were amended is outputted by 
this. Since it is carrying out independently for every color decomposed with the image sensor 3, these 
amendments can be amended even when there is a noise which is different in each color. In the crack 
correction processing section 12, a crack compensation process is performed based on crack data after 
compounding the crack data outputted from the three crack detector circuits 16 in the crack data mixing 
circuit 17. After the image data by which crack amendment was carried out performs color processing 
etc. in the back signal processing part 1 1, it is sent to the Records Department 12 and the indicator 13, 
and record or a display is performed. Since it amends by the crack correction processing section 12 after 
compounding the crack data of all the colors in the crack data mixing circuit 17, the image deterioration 
by also affecting the signal of the color of the depth without a defect can be prevented on the structure. 
There is no necessity of preparing crack data, beforehand, and crack amendment can be performed. 
[0029] As mentioned above, the imaging region where the imaging device of this embodiment carried 
out the multiple arrays of the pixel which has two or more photoelectric conversion parts in the depth 
direction of a semiconductor, Since it has an imaging device which has the 2nd compensation means 
that consists of the crack detector circuit 16 which performs each amendment of the signal from said two 
or more photoelectric conversion parts of the depth direction in the same pixel, the crack data mixing 
circuit 17, and the crack correction processing section 12 when amending a defect pixel, crack 
amendment is certainly attained. 

[0030]Although the preceding paragraph of the image memory 9 has the composition that a signal is 
sent serially, in the embodiment described above, As outputted from an image sensor in parallel with 
image memory R, image memory Q, and image memory B, it may be the composition that 5 provides 4 
in an amplifying circuit, provide it in an A/D converter, and 6 establishes a former signal processing part 
in parallel, respectively. In this case, it becomes the composition that the signal from three photoelectric 
conversion parts of the depth direction of the semiconductor of the same pixel is read in parallel from an 
image sensor. Although detection of crack data is carried out the object image photography back, after 
powering on of an imaging device, before photography of a photographic subject, etc. may be 
performed, for example, when the control time of an imaging device has a margin. 
[0031]In the above-mentioned Embodiments 1 and 2, although the number of color separation of the 
image sensor which carries out color separation in the depth direction of a semiconductor is made into 
three colors of R, G, and B, it may be any color two colors or more. That is, it is an image sensor of 
composition of having the 1st and 2nd photoelectric conversion part in the depth direction of a 
semiconductor at least. 

[0032]In the above-mentioned Embodiments 1 and 2, although the circuit which has all of the circuit 
(the 2nd compensation means) which amends the circuit (the 1st compensation means) which amends 
dark current, and a defect pixel was shown, it may be composition with one of circuits. 
[0033] 

[Effect of the Invention] According to this invention, it is possible to acquire a good picture. 



[Translation done.] 
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* NOTICES * 

JPO and IMPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l]It is a Hneblock diagram of the imaging device of a 1st embodiment of this invention. 
[Drawing 2]It is a figure explaining crack amendment of R color. 
[Drawin g 3] It is a figure explaining crack amendment of G color. 
[Drawin g 4 ]It is a figure explaining crack amendment of B color. 

[Drawing 5]It is a lineblock diagram of the imaging device of a 2nd embodiment of this invention. 
Prawing 6]It is a figure e>q)laining the pixel which has a photo-diode in the depth direction of a 
semiconductor. 
[Description of Notations] 

1 Photographing optical systCTi 

2 Shutter 

3 Image sensor 

4 Amplifying circuit 

5 A/D converter 

6 Former signal processing part 

7 Color separation switch 

8 Changeover switch 

9 Picture signal memory 
lOSubtractor 

1 1 Crack data memory 

12 Crack correction processing section 

13 Back signal processing part 

14 Records Department 

15 Indicator 

16 Crack detector circuit 

1 7 Crack data mixing circuit 



[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=ht^ 2/9/2010 



JP,2003-304548,A [DRAWINGS] 



Page 1 of 5 



♦ NOTICES ♦ 

JPO and INPIT are not roaponsiblo for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 

[Drawing 1] 
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fDrawing2] 
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[Drawing 4] 
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